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^ nl vfl o] 7 ] ^- o. 7 ^ ^ ^ ^ { INTEGRATED CIRCUIT WITH ON-CHIP 

TERMINATION} 

S. 4A~4D^r £ 3£] S^- ^1^-1-5- <?]7l-s]^ ^<H^lS« ^3*Hr 3 ^ 
* Ji^^Hr 5)3.511-. 

£ 5A~5D^ £ 3^1 ^^o)n]^S. 9l7}S\±r ^H^lSl* iH^Rr ^3--Ir^ "P" 

i'eA-^^tllolBl- #^ ^ °^*H £ 221 -ELB^^s)^} ^M3*Rr $.7}z*9l ^ 




1 : ^?*3\S-^x] 



TL : 



2 : 



3 : iSfol 



10 : *fll^°l*l 20 : ^2^°!^ ^ ^ 
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30 : Elnimo]^ 

UPD, UPC, UPDt, UPCt : ^ = 

DND, DNC, DNDt , DNCt : t^S-SM^s. 

#4 ^^H-*}^ 91 Z-] n inter face; n. 3Hb)-# 

^eHwHtt ^jjLcq ^ s)j=l<^ s]S5f <y ojo}^( impedance)* 

^(signal reflection line reflection)^ «M3*M *M Jfl*H, ^tt^) 

^^^(charateristic i mpe dance)l- ^tM?!^ *[7)^°l ^-^}% *§-^*t ^ 91^ B] 
D l Ml °1 ^(termination) 5)^--|r t^I*}^ ?3 0 1 Ei p] ui] 71^^; 
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4 til (on-chip termination)^ -S.^-£|^, E^ 4 vfl o] 7£ -g- ^^.s. s}^ <y E] 3fl ol ^ 

^13^1 3 ^7>^ olEi^ol^ ^ofl^o} «-^^o] ^ 

7>« 7>^ ^.7] nflM, <5}4^ H^oj^ofl E-| f] v|] o] A) 7] if-A]^ ^ o] ^ 

4^ iL-ir^HJL ft^^^l <y4ol^ 3^7} zle^u)-, #hJM 

£t^o]jl Aj^^o] ^0.5. *fl^}*l ^}S|tf. 

711 4 s 91^ £r^*\T2]\%o)# 71-^1 £LE(-ol tLs]^^ 
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<i9> nfs. s.^^. ^3s|3.^i4HH Jl^°2 *lHl- -f-^H £ 

<2i> -=-3** ^^>7l ^*H, ^ Vx 3^ 3^2)s^m, tfltlr 

<r*8*Rf ^7fl^ =^olHl -B-^l;^ 7}^1^ ^oltis)^; ^ cfl 
<22> ^AH]ofl^^ #7] c^o] ti|] £ 7} ^-f^S. ^1 ^ ^2 

^ ^7l #^^©1^3:611 -g-^H ^l2^^.e|-oiti. ^c^Aisl- ^3*Rr #7l 
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s? #71 ^^^o]^x\SL9\. #71 ^u^sh^^el^i^ ^^^o)^^^^) -s-^h 

^)^E.s}o] a. ^Alif 2}5.<4; #7l ^ #7l #^tl) 

ol^Al^Sq- ^"71 ^l^^olia^scoll -g-^H *fl3l}ig:=5l-ol;ti aflo^jS:* ^isKr 

#7l 31 #7l #^£-1HeR! #7l ^H^^oj^^s^-^ls^ 

#7l ^^ol^iS^l -g-^>ol ^4^-E.el-ol w. ^lolAjit tW^- 2} 5.1- 

<23> ^l^El-olttl -fr^: ^7) *\}1<£i=.b±o]* ^H^^ofl ^^^<y-34 # 

7l #^id# ^^Rr ^U^^-el-oltil^-; av 7 | ^]2^^el-oia. ^oiAijrofl -§-^<^ a q v 7 i 

-8-#*H #7l ^*l*i<a-a- "Sil^Rr ^ltf^-sH*!^; #7l ^l2^^oiy 

^H^l^ofl -g-^H #71 "S^Rr ^12^=51-0^1- ^Hl*>Cl-. 

<24> ^j^^^el-olttlfil. ^-7] ^ 2 cl-g-=5l-olal7> ^7} ^r^ Bl nl uil ol ^ Sj^ofl 

#71 ^olEl-#^AHl^ ^7) 7\]1<£_^°]*\Q ^J-71 Al^^°\^\7\ #7l #^cfl 
OIEI-AISSI f^f-ofl uJ-21- ^Bfl^O.^ ^^H, #7l CflolEfog^AHl^ ^7} *\]2<£^.Z\°} 

*\&c #71 ^l2cf^-=el-olol7> ^^4. 

<25> ^V 7 ] ^2^51-olWl -fr^: #71 ^l3S = ^l«- ^HaJJ^I -g^^c*) ^7} 

4 #71 <a^Kr ^il3^S.5l-olHl5>l-; ^7} ^S^eW «. ^HAjJrofl -g-^-*>ol 

#71 #7] ^i^^-g: ^^Rr ^14^^-51-oltilSl.; Aj-7l ^34^ J= Bj-oj W *\}<>\ 

#3L<H1 -§-^H #7l ^4^14 ^*1*I*M; <a^^fe ^l3^ = el-olHl2l-; #7] ^)4^ 
wl# ^altVcl-. 
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<26> # 7 1 ^H^iE-EM^a)- # 7 1 ^44^^1*1^ # 7 1 *\}2<£B.£\-o}u\s^ #7l 

E_?)-o)n\£\. ^ #7l ^r^Eiulvllol^ if-^t^-. -L^S>^, ^SH^ iL 7 cM: 

#z}<*\, #7l ^}o]^.^x\o\]^ #71 *fl3£iieHtH ^ ^71 ^3^^-el-^H7> #7l # 
^^ojBl-^ls^ f^fHl #7l ^ll^^ej-ol^ * #71 ^linl-^=et-oitf|$l- ^-XHl ^1 

^^^.S. ^^H, ^7l HM&l-^^Hl^ #71 *\U<gB.T%o]V]9\- #71 ^ 4^^51-01 ^ 
7> ^"71 ^12^^51-0] tH ^ #7l ^l2^=£l-olttlS»l- -g-X|ofl ^^tK 
<27> ole>, ^ t^l ^eM-M- 5\S-°\) ^sH £^#-1: %^}°^ ^Ml*>7fl 

< 28 > £ i^- a- ^6\) uj-s}- ^^sls^-^l 1^1 vfl^-ofl fi^l-si 2^1- JEiel-om 5} 

<29> £. loflAi, ^ES-e^ 2^r ^H^lJL-i- 0E/0EB, 0C ^ TC^l -g- 1 ^}^ ^1 0 1^- DO* ^ 

3^ r}~g- ^5^o] y. ^o]a] Jis. PD> PC1> PDT PCT1> ND) N C1, NDT ^ NCT1 (°l*h 
PD-NCTD-i: ^sH*l 3^-S ^t^. 3^: ^He}- DO^l -#-§-*H=- 

#^("1" 5&^r "0")# ^^SlS^-^1 1S1 <2}-*f<4- o^s} TL-§r ^1 

?A^A. =a|-ol tlsl^L 3^, = eM «. ^)HAilt PD-NCT1^1 -g-^V^ , 
DCH1 ^-g-^ TLS. *H^}JL A^sl^ ^^oloii^^ <j\^ ^( U p) = 

S^lttl-i-^ ^(doW^H-Sl-olHll.^ 71-^H, tflolBl-71- ^33^*1 1^1 ^ig#^5.-^Ei 
ofl 0 J2H^* ^^-^17171 S?!r S^W. ^ 

333.^*1 IS] «-^«-Ei TL-8: *^>^ cflolEl-^ ^5}olti.2ls. 3^1 

» 7^ cf^- ttls] 41- *s>^ ^^s)5.#^l 1^1 vflJfL^ ^^"€4. 
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<30> s. 14 ^ 3-8-€ ^ 31^ ^33^4^ *\]3z7]^S. *)1S£H 

4*11; cflolE|- *|5l*Hr ^§3*1, 3H44 «a#^* 4*H ^#4 4€: #*1 

<3i> J£ 2^ £ 1^1 iL°] =e^-o]w.s]^ 39] vflJf 1±<*| §4. S. 21- 

•g. M^ofl o]*!: = 4°1 3£r ^ll^sl-oltH -fr^ 104 ^J^o]^ -fr^} 20A5. ^ 

44- ^l^e^olt}] -f>-^ 104 *fl2JEiH}-o-|^ o.^ 2 04 ^^r, ^7>£]^ =&>o] ti ^}6\ 
*1JL*4 ^» *H44^, -§^44. ^12^5^-01 4J-^ 20^: 3H4 "1" SE^f "0"* 4 

<32> ^ic^oltH -fr^ 10^r 27fl4 ^c&l-ol^s. ypQ *J UPDt4 27flSl 4-&^4 0 l«l-i- 

DND ^ DNDtS. ^S}^-, ^2H.&|-olu1 -fry 20S. 4lILZ\-o)v] -fry 104 n>^- 7 >^S 27fl 
o) ^cEj-ol^s UPC ^ UPCt4 27fl5] 4£jEL4°ltH-& DNC ^ DNCtS ^44. S = 4 
oltH# UPD, UPC, UPDt 3l UPCt^ dH4 "V'^r 4^4 1LS. nfl ^Ajofl 

ii7)]44. 4£^-4°14# DND, DNC, DNDt 3l DNCt^r 3H4 "O"* 4 

*4 TL3. #^ ^ ^ Til ^14. 44, ^^4°1^1- UPDt ^ 

UPCt4 4^r^4°l^l- DNDt 31 DNCt^, ^slS^l 1°1 4*4 TL# -f-SH 3H4# 
nfl, S.^ ^Alofl ^£]<H 4^44 <y4°14^ ^^4tb ^r^t^MH^ 71 
^SRr ^H^H^S. 30^- ^^4. 4-^-^ 3H4t7 1^MH4:£|3. 30* 

tH4 4-§- «14 41- l^ ^-#44. 

<33> 7fllJ=4°ltH -fry KH14, S-^4°l*1 UPD^ 444^ VDD4 4*4 TL4°H1 ^ 
sH ^4ol tL tIHa]^ poofl -§-#4<^ HH4 "1"* 7LS. #^tb4. 4^4 
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oliH DNDtt TL^- VSS*W4| ^.E^-ol^ ^H^S. ND41 -S-^M 

HHB)- »0"# a^^aM*! -fr^ 2(HM, S^e}°ltH UPC^r VDD^- 

TLA>o]ofl o^s)^ JEl^y. ^H^IJL PC141 TL3. 

^St^sH*! DNC^r TL4 ^1^ VSS*H4) ^.ef °1 »1 

NC141 -g-^^N Ol^m "0"^: #^tb4. 
<34> • ^l^^-oltt] o.^ l 0 ofl 7l^^^.S. ^HH^s 304| £ 3£^-5}^ 

olw] UPDt^ WD^r ^i#^d TL^}°H1 o^sH, JEl^o] tL ^H^IJ: PDT41 

"1"* TLS. #^*>7]i4 *l^d TL-8: -S-^H nfl £^ 

#Efl5. ^cf. ^lll^^oltj] 10^1 #*fJl 7l^^^-S ^D]Li]ol^^S 3041 £ S-lt^ 

^ r}^r^s}o]B] DNDtfe TL^ ^^}^ VSS^}°141 , = eMM. 

NDT41 -§-#*M, c-flo]^- -O"^; TLS. W^s}^^ ^i^^d TL-§r ^g-SH HH^l- 

<35> ^2£Le}oltH ^ 2041 #*>^l 7]^^^.^^ BlnlvilojA^sjS. 3041 £ Xt)-^ S-B 

UPCtTr ^^J- VDDSf TLA>o]oii <£^s\v] , B.s}o}v ^|o]A|i PCT141 -g- 

Tg-B}^, dlo]E}- TL5L #^*>7iq- *l^d TL-g- -g-sH HH^S <y^^ ttfl 

t^Bfls ^cf. ^12^51-oltJl -f}-^ 1041 71^^ E^lvilojA^si^ 3041 £ £. 

f-^fe cf^ce].o]tH DNCt^ TL^f VSS*M4l , J^eM ja *\}o] 

-US. NCT141 -g-^}<*| , dl^lB}- »0"* 3i^d TLS. #^*>7li4 *I^Aj TL* -S-£}<*| cflo] 
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<36> £ 2S\ ^ldjo|/^ aflls.iiM«1 -B-v^ 102]- *H2J=eHtf1 -fr^ 20^1 5*1 =M 

<37> 5L 3-^ £ 2^ S^ol^s-if t^S-SM^*^ sis. 21 ^ 

o}b]% upd, UPC, UPDt ^ UPCt^ ^l7>sl^ JELeM*. ^H^l^» afl^^fe 2-¥ ^ 
zjLAj^- 7>^4. SE*h cf^^el-ol^s. DND, DNC, DNDt ^ DNCtfe Sl7>=lfe H.2H*L 
*lH4lJLl- ^*Knfe S.¥ nM^-fr 7>^rf. 

<38> S. 3# ^"2:^, -fry lOoflA^ ^c^oltt] UPD^r ^ £^i£ ^ ^ 

-i- MP1, MP2 ^ MPll^ ^S-^^^l^ MNl^-S. £1= ^l^H^lS PD 

91*]*-] INVl^r ^>°i VDD^ TL*>°H ^SLiiS^^l^ 

MPl^l 7flolEoi] ^slt}-. ^ = ^ol «.^Ha1J1 PD^ ^ VDD^- TL» 

°H1 ^1^4^! ^S^^S^!^ MPH^f ^iliE^^liEl MNll^l A] ©I es.o)i 
J§-A3. ^s}t}. slfi^E^^AE] MPll*}- ^lS.^-^S^^l^Ei MNll^l ^-*^efl<?lt 

VDD^ TI» 0 H ^£Oae ^^l^Ei MP2^ 7llol Hofl 

slcf. DND^ ^S^iS. «a*l>iEi MP12^4 <as^iS^li&|l; MN1, MN2 

^ MN123. ^€4. tl-^e^l^H^ NIKr INV3* -g-^H TL4 ^ 

VSS^Hl ^SliS^^A^ MNl^ ^€4. 4£^2}°1-^ 

*fl PD^r 5Et!r ^#^d TL4 ^l^tt VSS^>°H ^M^l z\3.SL^^ 

MP124 <3lS-2-^J= ^1^1 MN12^. THolE-s-cfl ^0.5. ^€4- ^H-i^rS 
MP122}- «!£OiEf7liEl MN12S1 -^-f-JE. efl^]ii£L^ TL^f Sl^l^tf VSS^H°fl 
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^.e}-oltf| UPDt^ s]S.^.iS^flxl^Ei# MP5) MP6 MP15^ «3£iiS^]iEl MN15S. 
^^^cf. JeMH^IJl. PDTb INV51- -f-^H VDD^ TL 

^}°H 31*1 ^3 MP5£) XMSofl ^^^cf. = eH ti.^HAlJL PDT 

^ 5E^ ^i^^i'y' VDDSf TL^Hl 3l£5.iE^7lAE] MP15^ ^2-^. 

^sH€*l^ MN152] ^oles-oil ^-^-0.5. ^^^4. 3} 2.2-^^*1^ MP155} oflfi. 
iiE^^liEl MN15^ ^••^H.efl^ii^^ VDD^ TL*>°H ^2. 

^.^m^^l^ MP6^) 7110] eo^i ^^slcf. cf^efo]^ DNDt^ si] 2.2.^^^*1^ 
MP162]- <a 2.2.^:^*1^1- MN5, MN6 ^ MN162.5. t^J^e}- 0 ! M.*\}°] US. 

NDT^r <y^£| INV7# TL3|- ^*l*i<£ VSS^}^ <$^Q »fl£iiS^^li 

^ MN5^1 7Ho] Eofl ^^^cf. 4^^e]-ol tf^HAljr pfrb at!: TLs|- ^*l*i<y- 

VSS^}°H1 ^S-2.iS^^l^E-l MP162f ^S-2.iS^^l^Ei MN16S] 7H^£t 

ofl ^^§-2.5. ^^r^cf. ^2-2.^.^*1^ MP16-4 <a2-2-^E ^^l^E] MN16^ -o"-o"— 

^]2^-E]-oltH -ft-^ 20^1^-i, ^JEEl-ol^ UPC^b 2]2^.^e ^flxl^Ei-i; MP3, MP4 ^ 
MP13^ <*n 2.2.^:^*1^ MN132.5. ^€4. S^eM *-*lH -il S PCl^r ^^1 &| INV2 
» **>^ ^M*!^ VDDSf TL^olofl cg^s} Sl2.2-^S^^]^E1 MP3^ 7flo]Eofl 

^#^4. S^^o] t^H^ PCl^ S«V ^i^*!^ VDD^- *i^*i TLA>olofl 
=1 3*1 2.2^^ 31*1^ MPll^ s!£liE^liEl MN11S] 7llo] e-s-o]! 

2}22^M 31*1^ MP134 <ai2.2.^iS^^l^El MN13^] ^f-£Lefl ^]^£L^ *i^*i<y- 
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e)-o]tf| DNC^ 5q2.^.^m^^l^B] MP14^ <a2--2-^S 31*1 ^ # MN3, MN4 ^ MN14S. : 7 
-^^4. tf^-^M-^M^ NCl^ INV6^- TL^l- VSS 

NCl^r SEtb TLsf VSS^Hl 2)2.-2.^^ ^^]^e^ MP14^- 31 

^£liEg7]A^ MN14^ ^§-J=Efl*li^E.^- TL4 VSS^H^l 

31 2-2-^ S 31*1 ^ El MN451 7flolEo]] ^^sltf. 
<41> ^12=^1^ o-^ 20^1 *\ *\}°M7} <g§^ Bfl £3] B^IM^ 71 ^--i- ^i?Rr £ 

^.eH^ UPCt^ oi]S.o_^M^^l^iEil: MP7, MP8 ^ MP17-4 ^£liE?!l^liEl MN17S. 
^€4. <S = EH tL^A}^ PCTl^r INV6^r ^*}<*| ^^l^ VDD^ TL 

A\o]6\] <^7j5l ^fl^l^E^ MP7^1 ^olHofl ^^t}. ^ ^B^o] tJ.^] A] ^ 

PCTl£- TL*H°H 3i^o|^El ^iill^Ej MP173f 31 

S^.^h^^1^e| MN17£] TlMM^ ^g-_o^ ^^sjcf. 3i]2.^.iS^^liEi MP173f 
3l2._£.^M3l*l^Ei MN173} ^-^JE.efl'ilicH.^ ^i^^i^ VDD^f *i^^d TL*>°H <?§^ 
2l2.^^£ ^^l^Bi MP8^1 ^olsofl ^^el-ol^ DNCt^ 3*1.2. 2.^^31*1^ 

t\ MP184 315.2.^3=31*1^-1. MN7, MN8 ^ MN185. ^€4. ^r^ 0 !^ 0 !^ 
DNCUtt ^Ei INV8* ^}<^ TL^ ^*1*I<& VSS^>°H1 ^££iM^^li 

Ei MN7£) 7flo]Eo]l ^^^cf. t^JELEHiMH^lS DNCt^r ^*1 # 

•y- VSS^h°l°fl ^l^^^l 3)£OAE^liEl MP184 ^SiiE^/lAE] MN18^| 
^o\) ^^^4. s]S2.^e ^fl^l^Ei MP18-4 31 -2.2.^^31*1^ MN18-S] ^-f- 
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<42> £ 4A-4D ^ 5A~5D^ ^HH ^ £ 2 iEfe 3^1 iL<?} ^:E.E>oj jd.^ 

AlSL# PD, PCI, PDT ^ PCTl^l- ^He)-olti.^oiAi^s. ND, NCI, NDT ^ NCT1* #^*> 
^ ^Mtt ^4 iL<*l ^4. «-^H^lSl-^r "1" 5£^r "0"* ^^S\S.^T 

*1 1^ ^SL^-Ei TL* #^ ^21- *14Md TL^r cflolEl- 

1- ^3 3^*1 1^ <^^fEi «>o> §qj afloii 4^ z|z}- jus]^ 34 

S^sH^^ tq-^^ej-oi^-i-^- afloat}. jeieH a. *|H 41 1H!^ Sj^l-^l 

<43> t£^, £ 4A1- ^S*}^, afll^M 0 ! o.^ 10^ ^c^ol tL^o^Al J: PDl- ^^^> 

^ z\3-£.^^x\^£\^; MP21~MP225f ^iiE^A^f MN21~MN23°-S ^ 

5}tf. 3) 3.$.^. E. 31*1 ^*\^ MP21 ^ MP22£f oj££iI^^l ^Ei# MN21 ^ MN22^ ^ 
€^«a- VDD^ ^^]€ 0 U- VSS>M- 0 H aJ^S ^^^t}. ^iil^lit] MP22SJ- <&E.&. 
ae^^aeI MN21^| ff£Jl|°Jii£ Nl^-S^fEi S^-^-°l«-^H^lS PD7> IM^t)-. 
^S-iiH^^iEi MP21^ 7i]olEofl^ ^^^si-Ais 0E7} INVll-l: <U 

7>slc(-. s]S.^.iS^^l^Ei MP22^ «!££iEi||7liEl MN21^ TlM^s-o^ #b^H 
EHlS D07> <y7>^4. ^3.-2.^.^*1^ MN22^ 7flolEofl^ %?1^2\-*\3L 
0EB(0ESf «>tH<sj ^e^Efl-i- 7>^)7> INV12* -f-*H 

sHl^ OEB^r EEth N14 3*1^ VSS^H ^££i£ sH;*| iE-] MN23^1 ?fl 
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£ 4B1- ^*>^, *fl2£L£H*l ^ 209] S^s}-o} a] jr PCl-§- s\ 

S.^, VDD^- ^ VSSA>o]oil 3] 1 o^^sl 2]s.^.^E^^ iE ^s. ^23 ^ 

MP24S]- ^^i^ E -]s. MN24 ^ MN25» i^tf. ^5.^.^^ ^j^E| MP242}- 9fl 

£5.^^71^ MN24^H^ ^^■B.^^b^B. N2^(- ^ ^1 ^ VSS^H^, <3fiiiE^ 
^l^E^-i- MN26 ^ MN27o] ^1^. ^ ^5. ^.^e^^ MP23£] 7flo];Eo^ ufl 

-E-^olE #^o] ^Ejtf. uflc^olE NDl^r #^#^5R!Jl OE^ 9l*]t\ INV13 

^€ ^^M^ia^ 0C7> ^^i}. 3i]a.o_^H $*1^e| MP24^f <&S. 
^.^e^^^e^ MN24S] THojEs-ofl^ ^^oIeKIJl D07|- <el7>sm-. <as.^.^E^^^ 

^^H^li OC^f #^§>8 3-415: 0EB7]- <y^^cf. ^^oiig^^^Aij: oc ^ cc^v 
^SL^S^l^ MN26^ TiHEofl o]7]-^cf. Aj-^ ^^sROjr OEB^r J£*V ^fi 
— - — ^1 — MN27^ TflolEofl o]7>^r^-. i^jEL N2^JfE| gJ^eH u.^^ pcio] 

— ^ ^-f , t*1 ^-y 20^- ^-^^l7l7l A}-g-^t}-. <y 

^^1^ PCl^ t^^^l ^cf. 
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S. 4C» &2i*}#, ^l^^ojtH -f}-^ io°\)x] ^ Ei ifl o-)^ 7 l^.|- 
ol«.^HA]^ PDT1- #>$SRr ^S-^Hir, ^^I^b^s. JJP25 ^ MP25^ <$S.SL 

^jxl^E^-t MN28 ^ MN297> ^*]<^ VDD^f ^*l3l<& VSS^}°H z\%s. <&&£\5L, 
^\S.SL^E.^)^B\^ MP27 ^ MP284 ^l^E^ MN30 ^ MN3H ^^^<y- 

VDD4 ^l*}^ VSSA>o]ofl 3E.fl- <S^^4. OE^ ^l^E] INV14» 

■g-^H ^S^^M^l^ MP255+ •fflS.^iE^l^Ei MN31^ TlH S-i-ofl ^-f-o_^. o] 
tfil #^#^3KlS OEB^ *]*Hb| INV15-& -f-^H <?]1S.o.^e ^a^l^Ei MN29^ 
slEiiM^^AE] MP29^ Tll^l e-t^l ^-f-A^ ^7^4. dlolEfAlJ: DO-^ s]SO_>i 
M^flxl^Ei MP25S|- S!£i.iM 31*1 r^Ei MN28^ 7||o]Ef6il °]7He14. ^s.^. 

^fl^j^Ei MP283]- <as.-£-i E -^l^E| MN305] tIM e=.o_ VSS^l ^ 

^£4. 4^e}°lMH^3L PDT7> tH N3^r, ^j^l^Ei MP25 

Q •aai.iS^^iEi MN28^ ^-^= efl o] 3 |. ) sls.o^^E^fl^^El MP284 ^£iiE^ 
^1- E 1 MN302] ^*^efl<yoil ^^cf. £ 4C o) slS^r #^%^SR1JL 0E7> iS^-eflt 

£ 4D1- ^-s}^, *\]2lE.z\-o]n] o.^ 20^1^ ^ eH 41 7 ]^-g. c-j^o} wee). 
oIjeMM^Is PCT1# t^)^ 3\S-tz $.Q#<S VDD^l- VSS^H^H ^l^s} 

2laiiH^^^Ei# MP29 «J MP302]- 'Sfii.iE^^A^s MN32 3l MN33# 5L^?Vcf . 

VDD^ ^xl^cy. vSSA>o]oil^ sl5L^.^E ^^l^E^jl- MP31 ^ MP322]- ^SL^e 
^fl^l^Eil- MN36 31 MN37ol ^115. M^tf. ^^.ej-o] j±z\)o] PCT1<>1 iHS^l-c- ^ 
— N4Sf VSSA>oHl^ ofla^E^^^E^l: MN34 ^ MN357> c^^cj-. 
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t£ N4fe 3\ 3-3.±l E.Q*]^&\ MP30 ^ to-^^^l^ MN32^| ^-f-^efl^, s\5. 
^h^^]a E ^ ^ »l£iAE^liEl MN362] ^-f-S. sflSH ^#^4. -2|_E._°i 

e^u]^ MP29^ tIMec^, #3j%^3HQjL OEQ <&*\tf INV16* f-^H #31 € °J 

OEb S*V ^£i±e^liEi MN34fif £\5L3.^E. ^}^] MP32^1 T^l-M ' <?]7Hgt}-. 
cflo]E)-Als DOb 2} 2-2-^- ^1^*1 MP304 ^fii^^^liEl MN32£) tIHes-^ 
fAS ^]7>^cf. ^S-^-^M^E^l^E-l MN33^ 7flolE^lb ( ^^ojol^^^ a]^ OC^f # 
iL 0EB# ^^^.S ^o>7flolE a^ o1 o]7>^cf. «gsjolig 

OCtt i£*V MN3551 TlMEofl °l7>£rj-. 

^IJ: OEBb JEtt ^JE-^^S^^l^Ei MN36^ 7fl<>lEoll <?l7>^cf. 
<49> fV^, s)s.^.^E ^^^Ej MP312f ^££iM ^^l^Ei MN37^ 7flol hs-o^ -g-^E^ 

0E7V JL^-eimH «fl(^ ( HM^* #^«V^1 3l°m-& ^€ ^t^MM^l 

^r^*H°> ^llH^ltH -B-^ KWl £2.eH«1 UPDt^ 

^3)0] ^^7} ufl ol 5 ji^>7l JflsH l\)2^°}v) -R-^ 20ofl ^*>b ^^.E|-ol 

^ UPCt# ^^I7l7| ^IJl TC7V ^€4. t^lr^SKlJL 0E7> S-S-eflttl -tf 

^^uel^Jl TC7} <£^°}v] UPCtS €-3.7} &^g- sH^jeis, 

wc^o] PCTl^: S.-fefl'iS sH SHeMtH upctl- ^i^SAl^lcf. 
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<50> £ 5A~5Dtt £ 3<H1 JL«1 cf£i=BHtt1-I- DND, DNC, DNDt ^ DNCt-i- *(|<H*l-7l fl^ 

4!Jl1- ND, NCI, NDT ^ NCTl^g- iH^Rr ^S^ojcf. 5A~5D^ 33.#*IM £ 4A ~4D 

<5i> ^ , £ 5A» ^S*}^, ^l=5^oitH -fr^ io^ cf^=e^-o]u] DNDS ^H<5Rr ^1 
J: ND# ^*>fe VDD^ ND7> t^s]^ ^ 

— N5A>olofl <£;g^ s]s.^^e ^^i^e^ MP33°1 £ 4A^1 ^7>^rf. ^= N5 ^ 

^S.^.^E^^^B] MP22fif *!£^iE^xliE-l MN21-2] ^§-.E.2fl°H ^#^cf. 

<52> £ 5B<>lH-cr, *))2^°]v] ^ 202) cf^^efoltj] DNC* *ll<H*Hr 41 NCl^g- t 

^*Kr slS^, £ 4B^ «a2-2.^S^^l^E-]# MN26 ^ MN27 tU^Hl *l€*Itf VDD^f cf 
-g-^^o] NC1 ol tMj^fe i-c N 6A>o]oil <£;gjg ^fl^^E^s. 

MP34 ^ MP35» i^-fVcf. 3Z] 5LJ2_£i]=. i&| MP34^ 7flo|E^ ^ 3Z) ul^^c aj^- 
OC^l ^#^14. ^^l^Ei MP35^1 tIMh^ t^f^^ji OE^l ^^sjcj-. 

<53> £ 5C^) iL^l, ^ll-Be^oltt] o.^ io^ cf^^o^ DNDt 5 *H*Kr ^IJ: NDT# 

1^<3*Rr 5)5.^H^ ( ^£iAE|7lAE] MP304 <&S-£_^^ ^fl^l^E^ MN30^ 7flolES- 
°1 VDD<H1 4C<HHtt ^^l^<y- VSS^fl 

<54> £ 5D<^H^, ^2S.e|-o]^ 20<H1 0E7> S^l^ ufl 

£r^i=l*H°l>a 7 ]^# ^§Hr tf £-^L5}o) t±] DNCt-1- *H*Hr US. NCT1# «-<fl*Hr 
sJS.^, £ 4D^ -asi^E ^^l^Ei-i- MN34 ^ MN35 nfl^Hl VDD^f cf^-^ej-o] 

PCTlo] tg^fe ^JEl N8 (=N4)A>o]ofl ^£liI^]iE]t 
MP36 ^ MP37* 5L^-tb4. ^S.^.^S^^^e-] MP 36 o) 7flo]E^ oj^ 0 ] a]^ 0 C 
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°fl ^#^4. slSJ^MMriiEl MP36S1 7fl o]e^ to^E^liEi MN36^1 7)1 o]e 
#i± #^#>3sR}:§: OEB^l ^^4. 

BHJJl D07> §H3l<t (*\]o)t\. nflo^ #^%^Sl-A!Jr W 7} S^-efl^«y 

-#3HH c-flolEfA]s D07]- S^efl^ (cflolEf »0")^ °Hsf, t^^sKlJ: DO 

7]- S^^o] #E)HAi C-Ho]E}7> TL^r -g-SM ^5]^^ 1S oj ^ S > - ^(^ 



[ a 1 ] 



<57> 







^^jEin|t||o|^ 


cH|o]Hf "1" 


c]|o|Bf "0" 




PD 
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L 



6A~6C°fl oicf. £ .6A, 6B ^ 6CM ^ d]o]Bj- "l"^ ^, t^o]^. " 0 "* 
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<?!7>^)ol£.^ > = &>o] tL^^A]^s. PDj ND> PC1) NC1) PDT) NDX( PCX1 ^ NCTl^r £ 
4A~5D^1 ^Sl-iiLJf^ 2--T- ^^efl'iCH)^ ^^€4. , ^ll^^ol^ o.^ loofl^ 

^r, UPD 3l UPDt^l ^V^r ^^l^Eil- MP1, MP2, MP5 ^ MP67> 

* MN1, MN2, MN5 ^ MN67> *>o]efl^al = ej-o] «.a1^s. ^ ^ NDTdl -§-^-^c^ 
cf. J£*h ^2H.5^o]^ 20^1^^, £:E.sH upc u] upQoil 4j^Hr s]s.^.^e 

<a*l^Ei-i- MP3, MP4, MP7 ^ MP8o] ^ojefl^ ^ j= efoj PC i ^ PCTl^l -g-^> 

^ li^r^^ ^£iiE^^|A E ]t MN3, MN4, MN7 3l MN8°1 sM^l 1 !^ JEL^o] y_ 

^1^1- NCI 3l NCT1<^1 -g-^H 

zl £ 6A<^1 ii^l y>sf £o] t TL°1 ^JEeHH* UPD, UPC, UPDt 31 

UPCt-|- ^1^. VDD^l ^7l^o,S <^^£lJL VSS^Itt <£ 

°1 «fl, °J 31 °1 ^^3 = ^1^1- 0C ^ TC^r -E-^ ^MlH^t}. ZLsm, -^7}^*] 

J±*lH^lJ<-i- PCI, NCI, PCT1 ^ NCT1* t^Kr s\^(^ t s. 4B, 4D, 5B ^ 5DH1 

^^oI^^^cai^s 0C 3l TC7> S.^- ^H^ltS. <y7}5H JMH^CM 
PC1, NCI, PCT1 31 NCTl-gr ^3*1 ^&*\) *fl2£ieHtH -ft-^ 2 0£r ^*H>*1 
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C-flo}B} »0"-§- #^*Rr ^-foflfe-, t^^sRdJ: 0E7> *}olefll£olj7 t-HolEfAis 
D07> sMe|'iolD Si c^o] u.^o]a1^s. pD> ND> PClj NC1> PDT> NDT> PCT1 ^ NCTl^r 

£ 4A~5D£] ^St^^Ei [SLIM 2.91 *W 5.^ S-f ^^tj-. ^ 

A i , ^lll^el-ol^ ^.^ l(H>Hfe, -S-ELJq-oltH-t UPD ^ UPDt<Hl ^S^^S 
Bil- MP1, MP2, MP5 ^ MP67> ^eJ-o] j±a1Jt-& PD ^ PDT^l -§-#«H €.2-5. 

3^ MN1, MN2, MN5 ^ MN67> S-f efl^S] ^eH^J:* 

ND ^ NDT°1] -g-^M Sth ^l]2^el-ol^ 20<^H^, ^eH^ \jp C 

^ UPCt^l MP3, MP4, MP7 ^ MP8°1 S-f-efl«i^ = e}o] a. 

^IJL-I- PCI ^ PCT1<^1 -§-#*H tiVig, ofli^iM^^^Eil; MN3, MN4, MN7 

^ MN8°1 SielllS] £LE|-o] tiAjj:^ NCI ^ NCTl°fl -g-^><^ ^^^rf. 

ZL ^4, £ 6B°fl *_<y ti>^- ^o] t TL°1 cf^^E]-olu]^ DND, DNC, DNDt ^ 

DNCt-i: ^15. ^^1^^- VSS^l ^^1^1 $.7}^£.3- ^^^^1 VDD^l^ 

&<>H ^olcj^ ^^-ol ^-f<^, ^2=E|-olB] 202] JELE}-^ 

^^l^^lSl- PCI, NCI, PCT1 ^ NCT1* iH^Rr s\sL^(nn, 5. 4B, 4D, 5B ^ 5DH1 
^ 0 j5qo]ia^s = Al^# 0C °A TC7> s.^- *>oleflfs. <y7>sq<H jeleI-o] tL^o| 
PCI, NCI, PCT1 ^ NCTl^r ^3*1 &7] nfl-^ofl ^JELEM ^ -f>-^ 2 0^ ^ifrx] 
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<65> 



3*Kf ^-fS-Al, [S l]ofl iL<y w>sq- ^ol, ^nltflol^Sls. 30^1 

=sf^ltH# UPD, DND, UPC ^ DNC# *W«Hr PD, ND, PCI g NCl£- 

S-f , *H, * *Vo]efl^S t^£]^r , vfl o] >£ S\ g_ 30^1 

»1# UPDt, DNDt , UPCt 3? DNCt-i- ^H*Rr PDT, NDT, PCT1 ^ NCTl^r zj-z* 
«H, s.-f, wH, S-fell'iS. ^^cf. 



<66> 



zl ^s)-, J^efoj^s. up D; DND> upc ^ DNC4M^ ^-£^.^^.^^liE^-i- MPl~MP45f 
^fiiiH^j^Ejt MN1-MN47> S.^ i^n^ofl ixfej- c^. 0 ]^s. upd, DND, UPC ^ 
DNCtt ^^-^1 ^°H, ol^^S 30<H1 ^*Rr iLeM^ up Dt > DNDt , UPCt 

^ DNCt«1H^- 2)2.o_^e^^]^ e ^s. MP5-MP83]- ^S^-^S^^^Ei-t MN5~I#»^ SL^ 
QSL*&°\} xx\^\ ^B^-ol^s. up Dj DND> ^ DNC - -^^Efls. S]^^ 6C<=H1 iL^I w> 
•4 ^-o] TL^: ^i€^i 0 J- VDD4 ^*l*l<y- VSS^l o_S ^iA|^ ; 

<67> o] ^^ojoi^scAi^-. go * TC^ £^ S-^efltS. . 

£ DNDt^ASSL cflo]Bj- <a3i]ol^^ ^^-o] 7>^tt a^eH^ -fr 

^ 20<H1 3L^t& — e(-o] t*| -E- upct * DNCt^ 2=eH tMH^!JL# PCT i ^ NCTl^- 
s\g.^r(ZtZ}, 5. 4D ^ 5DHlfe- «9 2] o] c} A]jrS- 0C ^ TC 7> <5>o] 3) 

^l7>£l^ PCTI 3? NCTl^r ^3 3*1 8^71 nfl^ofl *\}2^°}v] -fr^ 

20^ csfojtHs. upct ^ DNCt^ 



<68> 
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^12^^01^ -B-^ 204 ^ -^7>^o] ^ojoj^ iL^T^ TL3f^ oj^ol^^ 
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13^* 1] 

^7} 3R> t^lEf ^7fl^ ^.el-oi^ -fr^-fr 

^ojDi^^c^lS-i-^ -g-#*H lHi£ ^H^UlI^ ^-7) E.BH J13e|3.°1| o]7l- 

2] 

[3^8- 3] 

^Ml-ei7> : 
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4] 

*fl3*<Hl 9l°]*\, 

^-71 ^l^^^ola ^HaIJt^ -g-#^ ^^-B)- ^7) QH*}^ m 
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5] 

^114%H1 91°]*], 

^7} Z\)l<£ELe}o]v]7} ^7] ^l^H-el-olti. ^HaIJ^] -§-#^-c*| ^7) ^^^^o. 

6i 

^"71 ^}2^.E.^o)n\ 7 \ ^-7) ^12^-^^°) *1H^1Jl<>]1 -§-#*}<*| #71 ^^^^ 
7] 
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[3^* 8] 

10] 
li] 

Aj-7l ^12^51-olwl -ff^oj : 
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#7l 43QE-?\o}* 4o]X\sL6\] -g-^M #7l #7l ^^Rr 

#7l ^4SHBl-ol ti. ^olAl^ofl -g-^H #7l <&^f>\ 

^ ^4<*:EL5Httl2l-; 

#7l ^13^^51-^ « ^H^lSofl -§-#<sH #71 ^^l^^l: <S^Rr 

#71 *\Ut\.&IL^C>]V ^H^lSoll -§-^«H %A #71 ^^^^^ 

i2] 

^lii^l $X°]*], 

#7l ^l3^^.el-oiul7> #7l ^3S-^2}°la- ^H^J^l -§-^>°i A oM ^^'SM: 
13] 

#7l ^4^^Bl-^ttl7> #7l ^14^^21-^y. ^HA]S^1 -g^^M #7l 
#71 #^*H1 <S^Rr 3<HS. 3*1 S-SLiH 31*1 iEl!" ^l^-fr *}^r 

[^T 1 * 14] 

^in%Hi sa<>H, 
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15] 

#7l ^4^^51-01^7]- ^7l *\}4^^°)iL ^l^^l^oH -g-^H a o V 7] ^^Al-i- 
16] 

a o V 7 1 ^H^^^ol^sq- -^-71 ^4^H.5]-oltH7> #7l £ ^ n] tR o] & 2)5.0]] 
17] 

*Hl6**fl 5a°H, 

n°\y%^?L<i\ ^^1 nq-e]- #7l ^US^e-Httl % ^7\ Av^^^A^ ^Hl ^ 

^<LS. ^^H, ^7} T^o^om^c)]^ ^^JE.^]^ #7] ^4^ = E\o] n] 7} 
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18] 

1 31 2.^.^m <ffl*l iEl 4) ; 

^71 ^l2nf-g- = 5}o]y. ^HAlJrafl -g-#*H a o v 7 1 *l^}-g- ^-71 ^l^M 
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T^^H, ^-71 t-Ho|E}<y^Al<H]^ ^7} ^]2^]R.SL^^.^]^B]S\S,S>\. #7l ^I2<aa.2-i 
19] 
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fe- ^149312-^-^S^fl^l^BlSl^l- c] ^til§>^ ; 

*Hfe *fl2 ^ ^l42|S^.^iM^^liBl5)S.l-3f #71 XI 2 ^ Xl49jS-$-^M^^l^iEi 
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